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Uhe general probleffl wf e to ttiiillse i^ r^rorortiom 1
aoaater for obi?er"7in.^ nualenr reaotiona Imluoefi la proton
boabiirifflciits by ?2i€ Ohio State Unlvcrsitiy 7tvn He (Jr^jaff
•leotrogtatla gcnerat;or.
::h€ proportlonol cjoiinter, '.e^ilgned b;; Cosaat n<^er
A^ iS. Chilton, w.*8 raodific-a < n<^ Ir^prove^ by *;h€ erldition
of ft reiiotlon oollla.' tor nn^i eleo^rostatid ?hielf*^ bet'^een
the vensltlTe volniae nr^ rcotion aharaber. .'he p«rtlottlar
problea inTestlgntefl wag the el' stio t<c?ttaring of protons
hy firgon gos. ^he ga^jeoas ttirget ^ad filling f??:i! of the
eoDifiter were the same: 90^ er^on &a^ 10*^ (X^^ andrr 60 ia»«
(Hg) preaaure, icattering anarle in the laboratory syatea
«&€ 160^, A proton beam ourrent of ab'>ut 0.2 -0.3
tticro&mperesi ¥?- a int€f?ri t< a In ayolea of 10,9 wlaroooalomba.
or 'bout 60 50 oounta per mlnate*




reaotion energies from 710 to 1153 kev. 'he general
tren-'l fol'.loi?ed oloaely the nre^ilote^l scatter 1%? obtalnec^
by Bdcllng vilw aro9ii»9rct;lons due to Coulomb tjo^entiol
sad that due to s hard 375h€re ^jpe of so? U?:erlriBr, A
definite finoia&ly wrg o^^erveii «t 908 * 10 kev, Jlnoe the
experiaentai resolution wf 3 of the ortler of 20 kev. , no
stteapfe waa a?^de to oomwute the rctomnoe widnh fron the
enerM:^ apxe-fl of che extreme. • A sjecsoii?'' ran oonfirmer^
the exlatenoe '-n^ sh^^t>e of the ? nonely. ':*hc ener^^ of
this TeaonJjioe in t agreei? oloaely i^lth fnvcistlgi^tiona




for t,ht Degree S^f-ster of rclcnac
ay





To I>r« Jaai<?0 <3« W'-Tri'$ p^rtiaulr^r thanlcs tre flu©
for .inflating th« TJrobleia m^ for hi^ cj>n'^;in;al a?!-
nil apparatl to funtlon sraothly '^a^l <!fir?t«lt>efieoiii#l3r»
I tflah to thank 3osa?m<1eT Arthur B. Jhlinon for his
origiat^X 4«9igi!i and aonsftruritlon if the ?>rortortionRl
aoontcr t^&H his - !lvioe In oper«tiiig the eq Insaent, ' ii<^
T5t. John !!• Oion*!* ^ot his - or5 a of enai^reijeiaffnt, hi©
latert«t In the iiroblea, t^n^ t^vloe in >nerfi*.ion of the
T»n 4e Or^iaff ^aerator* riivaiy, I vouX^ life© to the^n^
Keeer9* Cttl« a» ©nbell ' a^ Ign^*? ?? Idofe^ s for tt jhiil-
eal selatanoe in ewerfetlon of the Tan a© (?raaff»
':*hl3 t^-iTlt if&9 as-rrled >u~ an<iir the tiuzsnloe^ of




iii#?Hi mi.i?ro scjir:.S!tm problem 10




7he nrobleia lia general vms to lnveet,lgfeti« acrtHin
proton Indoacd reaatloaa nsliig a i!en??lt.iye *iii^ hljfljly
geaer«itor fc.i; The Ohio St&tc Univerjlty proyldea a ^are«
of pTOtoa« of ffirly dlsarcto efterifle^ v:it;hln the range
of 0«3 6n<t 1.6 MeT. *?las rer otlon® liia*ioc<l In fe'^riyets »&a«
of vJiriotts EBJiterl^ila ^ere to be de^ieatietl by aeetAs of «
eefisltlTe prot>oTtlomii oounter. Then n»e^ with ^^ linear
aspllfley ht,rin^ a aiaorlaln- tiliig olroulti, a sftot^ho^. W08
provlc?«^^3 for ?iet,e3t.lnf7 ' nfl <1l »(53ljalm<iilflg between irrotioa
groups or between proton."? t-A^ nl^hft >y -^tloleo.
Originally, it ^ha pltnne^ to Investitive the (i^«i)
reeatlono In ll^^ht naolel ualng h« 6 Ujrget very thin
niokel OT oopper foil* "Iff ioultlee ^tre ©noouatere'^ in
ffionitorlng the be«ia with n aollil t^^rget Inatalle^, earpooi-
£ll7 elaae the ben® ourrent Jisfl to be teept ii<smn to the
order of 0.1 mloro^mpere to nyolA saturutlng the aoanter
^<lth reooll protont. Juggegtloao for uorrcotln^ thl«
Alffloalty liye <ll:joJigfse^ in 3eotlon VI« Pending further
aaodlfloot ion of the target t^aaeeibly. It wr» r^coHe^ to in«»
eetigrt« el'8tlo ^aatterla^ froa the ar^jm iisetl fu a







mitt€d visQ&l laonitorlftg of the beam ^hil« a«iin3f low benn
Two poasibilities ^ ere Teoo*^ni»ed: (1) rnoiaolles tn
the elastlo aoatterlng ' ouia indicate reaonf noes in / ana
{'£,) a low energy (p-eO reaotlon ia ener^e tjiaally r>of!Slbl«
from stoiala Bsaas aon,3ider?stlons sr i%h Q - 41, 64 Jlev. ?he
oiiJ^nQe thtu the laijter rer.cjwlon iii;?ht hiire a 1/ rge aress-
aeotlon w- s dJeemetl to be Tery remote beoauae of the high
Ooaloab barrier of j Ti^on t© both incident anc! eialtte^
pfirti«3lea. ?he reset Ion Is 03 follows:
40 1 / ^..
18^ + 1^ « [ic)- j , 17^^ 4 ^Ile^ + Q (• 1.64 l^eT.)
41\"
_37
Tbe (p-n) rei-otion for A^° w » ruled oot on tooount




f^ofitterlaf ^'mm^^imm^ belong to out -of thretj generfO.
(1) ^'-^mia ^<5?>uloiab or ":uth€Tfor«1 ) aai-^ ^ ter lug
•
tiJi€ iiystcja 1:^ aoa^«rv«d» la liht antte of fi f- ;irii ll^ht
r«>rtlalt» '*aolli»Ursg'^ with a h^iv-j alo^ t^aa^inf? fy-^rtiole :,h<?
light mrtiale h?vs ftl«ao»t tlwr mmtt eac-rgj afttr afol?vislofi ®.e
before, 'iitherforfl's orlgim^l theory of the t'toalo nualcim
w^w -verified by eatpcrl^iente in f»hlah thiB elasi;i<i ^o^'^terltig
of <*.-ps:rtloXeo froa thla ^1^ folle wo* ohafervc^U He a®-
mme6 %h^^% t;h© r>o<?i<;lve oh;ir;?e of %iw ifoX^ rmalettss w^' a oon-
aentrfitea in a siael.i vol'^sic ??hl<ih <ji>rttifttm-5 lao^i? of the
w^.n^ eleourlo field a8»ti??fl«t^ the i^xulDsah .V'^ of ' eniiluloa.
''fee exft^t <lefle«Jtlon of tijaall ?>oi»ltlv« oMrges Jiuah «;>»
^^Iphs^s «faal<! !$ef>en^ ^n t,he Inltir^l ics?ith of the |>f?ri;laXe
with reapeat to the tJoi^*»Tie?l mi«>leaa» -Tl*«tla fwrntterlag




If .he iaal'i^n^ pf.rtl3le pcnetr^itei? within the ':kJwloiab
h^-rrler so that the »hort T^:age nuolear foroe® ooiae Into
«> 3 «
•itot^'f
?>lJ?7, lciii«tlo «n«Tg7 '^aa fi»8i«n&tta v iii not be »c?^t r*'t«Xy
o©aserT«a« 3o«« of th« partlalt energj l» nr«m«f«rr©<^ to
the nu<sltU9 wKiioh go«9 to an exalted qnB-mtnim 3t;4 t;«« '^ht
fcraasferre*! tn^rgy i^ effliiit«<1 «« a ^msfi lohot^n mhen the
nadX«a9, fter tiaittlag f^> p^.rtiale of th« mmm Kinfi es tH«
laoideat i^irtlole* returns ta tk« ground state ag&ln« '.aah
a prooesa la Intlastlo iiciatterliig* ?he oroblen nf Inelastlo
seattcrliig h^g been tr«sne<1 b/ Born^ oa t* Ti«r*iurbatiott
prebleis in Qa^ntnaa i;^0liiml9fi«
Ia«l> stlo -foatiteriajj of nrotoaa htm been Inve ??t !«;?? |ee^
by aeveral worXers: take n«l l^rrsihall fl94f>) ; '^UliclaB
(1941) ; t)s)vl« .n'i Haffacr (1»4Q)*: PotteXl, May, Chaaftl<ik
©aa FialcsTtnoe (1940)^; falbrlght md Bash (I'HH)^; anft
^hoderloJc (1050)''.
'<here^ «, els*8tla»lly «9at'^ere<1 ohar^ed p*^rtlale« are
»e$tfcer«<S mttlalj In the for«?«ra dire at Ion, laelf^atloally
ewttereft T)?^.rtlalc» vend to n aycasetrlciftl j ngul^ir ai;^tribii-
t.loa« ?hia ladlariitea th« forcyiiilon of ?• a-omnoua«? nualeaa
froB 9?hl(jh the enter loi? p^rtlolc l? re-cmU.tufl with rrr>herl{3ai
eyaeiM^try.
latlf etla ajjatterlng of nro*on» tif^y be ^.houi^ht ©f ^vf? a
(p,p) rei^etlon la whlah t2:« proton le^ve^ v.-ith a longer K'laet-
la eaergty* ?he saatterlnfr nualeiis iw rftl^e^* to an exai^ed
et&te at the expense of the klnetl-j ener^^y of the tfyffteisu





'Thti pTi>9em ii^ij^rt: Xn ^^l^m Itiy^ BriHlu<}e-p lii«Xft9-
*tfet«« «f %he r^^lflual wj>2i#u^, Hho4«'Fl«^ ;?t«^;«j» %}m% thu'
tl>« grdssiad «^stit of B» "^Hl* ia far litnm prahtihle tihian
«aiii«li»ji of .; 3s»yoU»ii» %»«afiiiii« ©f ^Iw- i»ttallae«i0 of %im









i*»fi flu **.li« a^n^.t-y-af-aata «3r«t«4a) lf> «ttirl ^^a th^ rxoi*
Xeab ^rrl«r« '*fe»u, if th« (p,n) re no"* Ion 1» itaerifetioalXy
9«>^1^1«* oat ^»ttl4 «*ip«.«t ve?/ llt«l« in^'^) tii«X'«f»ti« r#-
««i^^«riii^ "i^* tiiasj»ff irltih hl^jh (^^n) thxetfhA^Mwi at^. th««?«
art fa-aiia laoa&ly In lliflits mtalei*
•f »«ai;t«rlii^ -at i'.sir|l«« of 16" «;hroagffe ISO'*. In«Ii!ft9t.iaiilljr
»«Bfet»re4 pTo%i>A9 ffik&i a«oti wrre fo«n<8 t;--? 1^<r dt»t»rilittU>€
««rTea in ox^g«n u^ to 4 Mev. ^.felorlne •n?i ar,^>ii weir« im*
t»tl^te^ f\aa *jh« ratio of la«l'r»sr«il3 tjo el'SJ^id »(ta';*;.er-
lag w^.Q "ftry lajsah «$£ii2iXlor zhmi in ^h^ iKhig-« erf .ie«n :s©yrc-«.?*
th€ nttelcfit w!i;k lair^ 9iii^ niialear ct)^r^»
f^ri*a Was^^^r^swrnt sf i3tlliri>i?«n In 19X-'J '*ith *;-l?^i ^?>« r-
'9&dfl ©f *- proton. 't%^ «'^ati*-.lon far %hii^ s-enatiitin Isij
• 6 •
yxx
o60««l«T&6ed in .'J hy^rogtn aisehari^e trnb* tip ta fJ»6 Umm &M
tt»ed ta I>«»sybar4 llthimski alphni prTtsial*^ ^ere ©bscnrt'*! on a
a^' 4 r^ zU^'') . £•''•* * 83«* ^. Q (X7.13 K«Y.S
?liiii y«aotlon lif-s H'-*^ l>€en si^asllcf^ by ra^iacf ©baervwr^ ana In
»o well kiio^a f*s t> b« a oalibrsitljfiif reaotlofu
Other Ijsportant fT»-*<) r«aot.loii« 3t8SBa?Tl:;€*t b^r It^in^ton
^^:|i<! B«th« la n«v. Hoa. .^«» 2, 511 (193?) mern refiortta byj
11 IP
9eii«rt 5 :Clrahn«r ?^j^ Ifeaert; '; Ollishiiiit, ^mp&on, rj,ii«
^^% oertaln T^roton cner^le^ the «robJiblll^^ that %hti «x-
ol&stloti •a«rgy of th« aa!»p.3uiia mt Aleuts 1« olosic t^ one ©f
ths qu&R^nu a^ntta If high. ?he prob?.^billijy «>f the forisB.tlon
of th€ ooapoaa'^l fits olens, thrrcfore is gr^e^tm Mi^h fv aontlltlon
1« »®ll€^ rmomm^t* It a-srresypon^^ t-i the enaitntion of m
nc^i^niaal a^atcss T-h«n nn la^s^-eaeca fora« o#oll^-i%tjee "^i^h e
f^'«q«en<sj? ne&r the jaeahanlaal rcaoafint; fy«qo«a<i3r»
* 7 -

p*ele In tiw «ro»a-9«<8tlon for <j«pvure. Mo*;hcT Eieniio^l lif
to l-^ofe for lnaT«--»ed ©ffeou^ n .^.tjoisiate'? T'lth the formation
•f a Qo»|H>ttn!3 naoleua* ?hes§« wotilcl be & mcik In ®lt;Jier
gni—n «nls«lon or T»roaaa^l€w"i of ?oBi€ otliisr p. Tt,i(ji« thstn th«
loal^ent pftrt;lal« saoh f « tk« C|>«»«t), (<!•«<), Cp»ft), (n-p),
tto« still tiiiother austhot! l!? to obitftmre &tio»ilieii In the
cl^ stio «oat;^,<jriii^f of py?>r»oaa of whloh aore will b* »€tld
io the next aejtlon.
esii««lon la Impod^lbl^, «h« qu&ntuys (or exolted) atat;« in
o lle'l ft boan<l at; $.«• If rrtlalet 3- n b« enitt;«d (p. o<, or
n) h;j«ever, the .r?ts,te if? o^lla?? 1^ vlrtgrl aftrtc* iiMSTgy
l«vtl« In ll^ht najllle^ ; r« be,finfiliif| t^ b« ffeiyly i?«ll
known J ni h^vt b««n r«Tlew«d and soiaafirlse^ bn^ ? rloui
17.18
19
:>eToiia 9t«tca th&t obf^rrrtion af dli«Hsret« rem>nisnoi^
In fto«l«l of :i>30 id not llicely &iam the proton energy fer
»ppreolr^bl« yields (~3 M«v« ) ijorre^rjon^s to ^n «xolt*Uiion
eoArgQT 9f t|i« oonpottnd nttal«ii« la ei£o«0a of 10 Mev« }^t <i?hic}h
€A«rgl«« the level sTiaslag of qnanttim states l«? prob* lily lem
thfta any eiier^ resolution exiwriiacntfllly a^,v Innble.
I'h© ai«aii life ^:»f an exoit€<? !ftfet« ia relf;t€*1 *:o tih^ level
«i4th by th« ttn<j€rt4»lnty relation:
r.t - k, '^^«^« T 2 acan life
'*"*" h 3 :?l?'niifc*» «joii»t«int
?iil3 r ^^!» nh -. • <n,i 1* finci^ ii^*'t««i h«-.ye loa^^f llfct;ijaef?, v.n«1
- a -

nuaXiien^ the Xeirelt? b«ra',;ffie wl-ier ^Ui-n the i^^^n inU:T9iil
^rred only foY aiiolei of S a*^ u> 20, i;h« proQe^mms ©l>3«r*ftd
?r«e®in .-Ofi B^^ixt^r ' f<mn>% (n,^) rci?«ni4-rta«9 lit lla r-^t
l^roton «n«rglt» of 5D0, 750. 8^)0, fin^i ^ic f^T* i^ltli Q « E.X4
t«9oii&a««s In 3^ Aae to pT0t«.in 'Jjoi^^'yamnt; of ;/*^' h? v#
fe««n reported by Broatrj^ia, Hims, f.n.1 ^oh*** ?.« fall©?f»:
y^ rj&V. ) 900 lO&O lOlK) 1100 1S36
y - j^^ O.E 0.4 0.6 1.0 .).5
\*here :; • 7^, • dlffercnoc betisfeen r«m»m^nttQ 7icI6. y# In
aotints/ MO. arid b- -iJs;f!-aT,md, y^, '•hl<5h ^' « ;-bt^tt'- 0.1 for fill
g#aerstor -s <' ^jarae t^ravlle^ a oc^iisa Tor Initlatljag ref>o«-
»»•• phen>»«iiri. 0b3irrTn':lon of *ih«ti« furnishes lnforwi*;i0n
on th^ e-xisi%t^ iit^>t««i of thflf rjot^ixinnc! /malcnfi. :'^«>©<» of %hc
T<5 0tilt0 obtalasble frosj %ht atatt^ of rf<sona?iae ne?u^3 are:
(1) l^aeriry of «x«tte'1 5»t;«t««g
(2) JJft.Q life of ex(5lt;e4 «jt?'t€9,
(3] Ittterfereriae between «xolte<!? t?t,j^te0» ua^
M*
m%9n tlie Iclnetto «ii«rg7 &f the ^^j^tejs it mmmr'm^m f&t n
t i ?• 1 ciro aKi?e9t 1on
:
an (I)
where © « s«fi':teri«i^ anifle (-levir.^lon)
t « cle^stToniii i^mr^^
w"* « iit;aj:!ilj3 no. of tattler Ing nuaietn?
t s klaetia flner,-r>' of inaldcat ^fTtlole
Bi-la^ ".' Xaag rrm^n type of potettisisl, (7^(6) If^ ^tr vn^l^p' fle-
t?tr)3leat o.rs %he ^my;lii 'yf 33&-.*:€rtj||f# ''l^jture £ Id a plot of
tilt f?-Qtoy; 1 shoeing *Ji?it '^onla^b f'.«tli€rfor^U
e#Btteyliig la fa')^17 In th© forw rfJ si ire at Ion,
Laa?1e *" ' t^reiiitsa t;h«? problcis fr >ra f^ -.'•'.•-Ye lae^ihimiaj^l
?»<i»lJlt of Tlew nhere i^ m®^lfl«a C^nloESib iK>tientlal '*' l*j 30ii~
Inhere r la a p^r'nte'er ^-hioh Itnltsj Ute Goulo^ forae*
Jaoh -^^ yoilfi^d potcfttlAl f^Qtw-VLj i?xl»t9 for abf'rgea p^ir-
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1 1 i s hoj^i1^ s tren<j
.
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ferta^as , but for flnUt r .<^(0) reia« laa finite ate^ 0.
?h« tboY« foriaiilf « aiTiX^r for ?<iittti»rlng of y»ratioit» by
X^rge nu.^l€l buv not; for proton-fsyotoa ^tietticrla^ fitt« to the
*«xah?>ng«'' toy«<?« between ll)ce n^>rtlale?f«
?)!« aiffer«nt;l?a «roa9*??€at.lots is & r' '.io of %he mui^er
of pj^rtlolee »a^ t':erefl per unit «!k>11«1 arutle f inter 8«fllsft) la %he
Tht ii«fober of p<;r1iialc9 per unit >;?oIi<1 m^l«, riCd), fn>fit*i«re^
In tha llretitlotiO l;i therefore:
?5le so/tterln^ If? fjsarl?. an<^
*ih? t the ffOfitr^erlfi^ 9«fnter« <io m>t 3hl«l^!
one ? fioMier.]
TThere n^^ s Inl' i 1 fto» of ln«3l^cnt T>-r^?«slt«
S 3 nom of ^ttatterloff i^tiijiss ner nni% volttiae
*i 5 ^hia)ui«99 of «oat;Bering fsedlaj?. flineti.? imit.^?)
Xa e»tlsssir,ini? «ro9e*«eotlon for
€l:-- anici i^asLtt tiring ».hrc^
fi^otore otitt be d^aelderea s
(1) 63o<1lfl«>Mrlort of -he iijrUdcnt; bef a by *.hc Gooloi^
field before rea^himi ".ha ?m?jl€ar forties* flJuther-
ford ^«a*.terljng*
)










, fr&fii the lafsldeiit btaa, r-e (^in p\&% ".h« mj« ©f «oi'-ttitr«^
for aouatlii^ rf t;« of 100 uyoi;on«/i!f«»» 'a r;n entr^^y of I J5ev.
tiK relatlofi Ins
*^-^ » 3.00 (p(rot,on»/3«'5» J
hl« otiTTe Is pXotv€tt In. ^M^ure 3»
A]ioaii&lit« or devi^^niona froia the ooanting riite pye<!l<f
ttfi by th« nth©rf^r<a foriafila will lie fooa«? f©r eertala en*
e7gl€9 of the Inel^leiit mrtlale acT^^n^lng on fuQt&rB (Z)
«a4 (3) 'i>ov«« If the «««»•>?;/ of *ih€ in.jl«1ent r»ro*ion nine
the eaeT«fy -rsf t,l»€ »s«T,'.€»r in;? miyleai? It? ©qiif-'l to ^^ht ermr^^j
of 0ii# af t;fe€ q-mnum state*? of the ooiaTOttfld mialett?, ano-
sasilouf 3«?itt«rXn*r ^111 oaattr* .'Mri «!.r-iiC9 that «sm>E»*- lou«?
naatteriiig ^hfit Inarenae® alo^^ly ^^ ith InareRHln^ pr-rtlale
enerij;^ Indlo&tes penetration !>f ^he naaleftT bnrrler; miS
£iiioiBiiIoti9 0iiatt*«erlii{^ th»t Inarea^es r' nidl;r to a ^ixii^mia
end then de«re«««« -« the energjr l« fur^iher inoTe«ii€''i: in-
aia^te^ resooRiitte 89atterliig«
Hegoaanae 22*l«.terlj^»
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eoatterliig a>nsl9t of, it is h«o€«3??tj to look «-t reaonaaoe
ec&ttering ana nualear potent irl sos^.tering. '^he former oo-^
our 8 when the oospoiincl nuoleua is formed In txn cxoitec! state,
.iic latter oaoiir® in th'.t region inhere the nuole:^r ft^roci^ jj're
ftlt by the lnal<lcnt p rtialc but flthout the foramtloa of a
ooffijpounA naaleaa* For protons on mrolel of mxah heavier
a&sa, naolear T>otenti&l aoatterlng o&n be ctonaidered £iS small
aoiapjire^i to rmre Coulomb scattering* Pot neu'.ronait hov*€Ter,
potential «oattcring bj- the naolear foraes is a large faotor.
Feshbroh, ct al.*-^ using Breit-*iigner theory, develop
B forasulr, for el* stio ^oattcrlng oro3»-3eotion neB.r ^ reaon-
snoe level for o rtialca of ^ fi^nl?^ momenta® :;ero fl « 0):
r ^
^c-l
where: ps T>?jrtial level • idth 'Ine to the rce.ii^slon of
s ?> pfrtiolc liice the lnoi<!ent p?rtlal€.
r^ totsl i5fi<ith of reaon&noe.
a « nuolesr rrdina
i^» energy et re»onano«
S • energy of inoident p^irtiole
X m dcBroglie vtaye length of inclflent ptrtlole
The first terra between the btrs represents the reisonanoe
acftt^erln^, the ^eoondi represents the potential go^ttering.
If only potentlt-l ^c-'itterinj? were- -nrceent, the scattering
or©93*aeat ion ^/ould be given by:
^- m ^ sifl^fS££\ ^hloh l0 the aoatterin^ ^.ne to








©ft liapen«tr'-ele 'snh^re of r.^slia^ '';»
k>«90JSit« th«t 4tt8 ;© ? «fliir?le rc^cmimoip level:
Sliioe tli< B&gnltude of th^ TK^tentiS'l i?a8'; Bering 6«79«fiS«
on t.h€ tera: sliafiESJ, it mn he Jisiatiraes^ thut 1*; ia negli-
vlble ?^ti low r»rotoii cnerglea ^tt« to vhe incrrctieing v?*!!!©
6 ^ 1.5 A^'^ X lO^^^w'ia, la: ft » sa^ x 10*^''' <ja. '^n^
-12
/\ s ^.^l X 10 aia» for s Mev, proton frots rhljjh the value
of «tn(^)i3 O.^^J^ .'Uil ala^(I|^)s 0.705.
Jhe at)iabln«4 «ffeats, faot^ever, Inalade orosa-teriw
uhicrii represMiflt interference v^henowBrn between renormn^^
Hfia poteatlfil 0«att,eriA^. At; oertala pto^^se riil'.*tioai9 be*
tueen the two ^hts^. a^iftruative lni;eTferenoc ooaur*! r.na aii
others, ooatftruotiTe Interference ooMirs*.
If %heT9 ^ire onl^ tvso possible ontoome^ of a mml^eir
30lllaion, for ex^sple, re««ttl90ioa of the InoideAt p«i^rtlole
or fornyition of a ooorpeaiid imoletiff with eititielon of a differ*
eat pertioie, thea we epeaJc of |i«rtlfil <U@laiiei?r? tlon ooa-
'•striata, r aaa L , "Jh^ae *ire t5».^rtinl Irrei wi??tihif for uhe









If, iio^^ ever, there ^re ^ther T»0:»!3il>l# wey© jf©r %hm mmmtmmA
nualeus to break ii-n then *->he to^;* 1 ^'lath la:
r= P'^'R'^Zr, where P refers tio :^11 the other
l»o33ibl« modes of 5ialntegratloa«
Far the reaotioa,
I. + A ^ 3 + b
the Breit-^'i/jner crosa-seation for eal^jfrlon of pr-rtiolQ of
t/t»€ b ia ^iven by:
/T- - A « . fa Ik
This o83Uiaes «ero i^ngnlvx hionentun* of the ooiapoancl rmaleuB,
!•€• 1 r 0» ^«'^ ae/jleots effect.?? f3.ae to snln of T?j.rtiolesf«
Interferenoc between He son'-noe Bcatterlii^ ?Jiifl Goaloiate
Boatterlflg>
Deteotion of resonance ^csatteriag in the preaenoc of
(Strong Oouloffib scattering is^y be extremely ^.iffioalt.
19deTo&a vclTes a yer^ simple laetho'! for eatii^^iting the ojon-
dltione under which it is po&9tble«
If we f^aasiEae *h«t no other nrooess thaA resiomnoe
«o£tteriii?^ h' 3 comncr-ible nrobability at rcaommoe then v^e
isey set f Z \^ »fl'^ I « S^. "^he reaonancc f!ifferential
crosa-aeotion then reduces to:
- 17
.BMl«M
! < 1 -- "1
'1+ *'. • " *^
Ores - 4Ti»TT * nf^
il» fttgleat.^ ragul^r laafaeatism of the <»>£a^^an<i sitate ''H^:
^l€llt proton* A si?ljflK5}ti»tlj?:;i3»*il f^aior of orcler rs?r.t;^, g.
«ad sptri of tike <30fflt5'.>ims! mt-jlcui?. I^, 3 X t # »








4*4 (Indft.) M (\ 1
T*h« r«:':tia of i'es?on?noe ao-^ Bering ^o -w^-nsloKb ifof^tterln?? at





2 ^.fi s 10'^«.Jijk. alnVf)
In priiotioe, lihl^ r?.*.1(> wl.lX fee fiarr,hi«y retltjccf* b;^ a





«a#Tgy •TWrtJ^^^ ^ f , tg>f th« ^?«*^t€r*^ nro'^om^* Pnyfoms^^
46t«3^t=l&le for ig«»iXl ^, i'-'Tge ^-o-^^^.^^^.e-f lug •'^nfjXt^ ('^100^)
&ttdi for ©n«Tf|i«ii I for wisiah ^h« leT«l vl«lsij. (a^raaglj ^t«
iwa^eut on K '3ii« t.o harrier pi^n^zrii%ion) t.^ ai€>B»f>srstolt li#
tli€ cj£ncrl«s«a**4il rci?olatilui5 *-»'! y«t m>& sw l^^rg* tl^i; rU»«»
awmtisat %m^% -ihMr^ 1« ao ^zhtr rfront^^^ amm -'^robiihlc then
(Hi V^^
la o%htr w»ra«. If the «iier cy "CJKJln^loa «lMiil4 Iw »•»
4i««et«l «ottXa tftlll b« &l>«>45t ^wo to one.
»hliili la^ilU'lea i*roTl»lofj for %&%nX utt^l'-r mt$tmn%%im f-n^
nnin of ihc ©aflttcrtag nnolent f.^ii<t Incident p-rtlalt:
^ » £1 « i 4 HjLi . f^ 4 rifling 4 2fx K>^^
• 19 -
c'oexv.
vhMT9i <r 9 total aofitterifig aroats-teat ion per unit
solid Jungle
(T^ a Ooalomb fHatherford) noo^-terlag erosa-seotlon
i - total rn^al- r ;|uantujai number ol tiie ooMpoiin^
nualeas
i • tpin of saatitering nnole^s
s a ^tjIji of incident nrrtlale
X 3
7;
E 2 ener,^/ of Inoideat Tir-rtiole
E^« energy at resonance
r^ = totc'il level width
r^« p'rtii^l ts'iath of resonsnae level
' ^ (aoTTe^rjonding %q emission of the intiideaS
psrtidle ? "?ith the soattering nealeas belaid
left in the ground atrte p)
^ . cciog ain^^l)
2 90*ittering «m?le in center of laiae aoordinistes
aSe'-
Y r yeloislty of inoldent; p/rtlalc
Z a a torn!9 aa^aber of i?ot v'^erlng naalen^
z a f tofale ntiiaber of Incident r> rtiole
^'^ik





a^fi^ + ^f,x aoa§
1 f x*^










t(^^- {^(^) (X •*
(?) 4 " -i
P,( oos ) - L«g€n(lre r)Ql-jnomU<l of orrler J
If we 6f?9um# that the only energetlo? 117 TX)3€»lble pro-
<j€98 other th?ft foottcrlng of the ifjoi'lent p-rtiole is gaa-
®e ejal^alon -nd ainoe r-'^liation ^i^lths ? re negligible aom-
pared to p-rtiole widths, espeoifill^ fir light nufjlel, for
all praotiof-l iMirTJOses we !**.y tnke,
With this GasuErrDtion the ooasta/ita for Bethe's r^ tlo hrve
been (3omBate<1 for the T><'"irtl<sulnr expcriEeatal vrri ngei^ent
used for the present problera of ;io?ir,tcrinf of wrotons fro©
Tiian rt an an^le of 150"^, f^ssmalng 1x0 i nd ^ n -^ (ref-
erenoe 24)
,
3 » ~ 5 1 + 0.ZZ4 (2J + 1) f0.2o0 + 1.96£ x) / (1 -l^ x^^
)
If we iiS3ui:3e f~ r 50 :vev, , then x s 40(r • F^). Using
tfiis Talue ana J s 0, the ^bove rf.tlo is plotted la Flg» 4.
?hl3 ourve ahoiss the ;|enerel shape of an anora^.l^ In the
Rntherford aoat Seringa Jl^turfilly, this anoaaly will be
super imxjosed ©n the Ha-herforfl aeatterlng ctirve which is
plotted in Fig. 3 for Jirbitrary units ^ long the ordint te
U8in?5 100 «t fin energj of 1 licv. It ^ill be note<^ that an



























: • J :
p
+-^
" " rf-H ' I <nj-i- « '















i 1 1 i- 1 JO
T
i' ' 1 i ^ ! 1
j;- ly j. ;
1 t I1 !




















l« _ l„_ / 0) 1
•
i
ig 1 j. /!




! s^ ^ ^
j
-













1 u . j T 1 " i j^ ...j. .. j 3 •
i
^*3- ! /^ . 4_.' ! j x
1
—US
o sC 1 /
j
1
1 ri i Li.
: >' 'k'
1 / 1 i '
^h ! / i- ! i
1 li

















































































1 1 i i I

<30ci|>oimd nufileua) m:Tyei* to lji9r««M tlic wgnV^wXe of both
iih« ixialulTc T»«-^ n^ th« n«^'*tiv« ne^^k, but ^©€3 nou ahMig«
tli« spread betwetn fch© f»e'-^Jt3# In other nti-^^n, i;h« fim>a«:l3r
in Bhixr^ne^m
1
the r»lor^ of 'rjs\ In l''ig» *. .^iior/a r,he atron^ der^n-
4«ji<Mi of ?.athcrfor-'3 fiiVir,%e7ln^ on ^".avrle ^^ad ao/ifiequeatlj %ht
ea-rsintage of aalag ^n lagle near IBO^. It win b« notca
o
tlifit as an enp-l« of 90 the aai wierln^ 1» ^iiao^t four niro«©
thfit at 160**, *^her«f 8 £i. tJic latter angle It 1<{ only l.lo
liatu the v.ru« b?iak soa*ster ist 180^.
le-ygl 'Ut^tha«
iiKt99 'l3o giT«« ft miftlioci Tor CE?tlmtu>lng the level
^Wth from exr>€riBJcrit;al aata« "^he laiixlfiiuKi j H'? mlnliaut^
soatterlB^ ratios ure giv^n b;?:
,
rf% c) b
'^1»£ - 1 + i 'y ^•^ v^here U « E f aoe$
^
-h. 2 * ^o %* rc^ojtanoe energy
"^-j
., s ^ner >:;:; ^iQee at
'^•*'
laj xliaura ^ad laijiisaitt
V? lii«3 of Ti
S o » iA^ ximum 1 nd £alnlMi»
•^•^ v»aaes of rt
3lnc3C the only unkjio^a is P, the level '?Jl'1th fy n be foaiifl
from this formula*
.ilao the level f^iflth rfltho?it Conloab bsrrlcr iuh-j be
fa find from:
p - CJ ? whc^e 'J„^ z l€Vi*l *' I ft til V Itmmt








P l8 the penetrsblllt;^ d^^loaletcf^ from ^cll known for-
tcrfalnlttg J if Int erferenow n^atterljfig Is aegleat;«<! «^
%ht •xtreiaa of iiii€ anoaal;;. ?h« extresao arc t,-ljsc* j^^lYen
by:
and X, ^•-«I^14.£*>^H-,.
= i'»,ra- «"«*x.E = -|+ (i+fi
oeiiblaiiig, vriicxe a sf"^^ f if sin ^
ba2p|oos§
«tta slAoe p l3 l3o given by definition U; be:
?yhere /- -^^
tlie 90X7 ttnltao^'n pr;r«uet,cr 1 4? J.
Eesoo'tnoe waeri^y « Iw* ya lee betvicen the extreuRm
TKt »6xli8tiiB error therefere in takim^ it t^ lie midway
between i»ould be one-balf the aep^irntion between extresaa
or »':^boHt ane-fonrtih »f the level wiafch, "^he effeat of
etrfefglln,^, l«e«, beaa aBrea?^ In energy throa^h r^he ti rge^.
In ahlftln^ the higher exnrenmifi to^iar^l his/her energies ajii
lo'i^cr cner^^y extreaaa tow rd loiter ener.^Tica^ thue Inoreeis-
iag taelr ser^eratloa by f?b>B^ the gtrag^ling width, in-





?i»o grofips St the 0rilvfTRity of ' l.«aorti?tn h? vc re-
oently deiaonatrrte^ the p©«Jer of asking el* atio ?ioautr€rlfig
to inYcsftlg; t« exoltea level!? in light naalel.
Sender, ihoesf^ker, C&ufiacinfi, n^ Boiiriolna*^ hitye in-
ve9i;lgBte?^ the 986 • ?CeY, reijonanae In f^l b^/ aeiins of t^h©
el' atlo soa^terii!^ ©f T5roton3» "he THriatlon in goetiSeTiag
yield is in very good a^reemeat; with the above t^heory near
24
the rcaononoe. £lr8tii3 «?stterlttg of nrotons from Ifg ?5aa
iATesti^S^eA throughoat r- range of proton cnerrr^ froia 0,40
to 3.9S !;^ev« by I'ooring, JCoe^ter, lolflberR, S?xon, anr?
;lf ofuiann. Ajioisr^lie^ of yr^r^iag shapes other than the tfpt
dhown in Fig. 4 were dlsjoovere^. Hht general c^iaoustsion of
the theory of saoh anoaalies has been me^e by Lf nbeng?tein
rad Lsubenstein' . :'hl3 theory lnt3lii<?€8 not only the inter-
ference o »3e<i oy ph?'8e shifts in<^!io€<1 by energy lerela of
the aoapound nualeua bat < l^o th&t '^ae to the har^ ??T)h€r«
type of 9oattering. A veotor laethod of analysis of r nomaliee
is given vhioh enables one to a? loalcte the ahape '^f anoiaa-
lics brae<l on an a^suntption of the totiil ungulnr aoaentum
of the oorupound nucleus. 'he ?>r€clicte'1 shapes for the
Tcrious : rbitrnry vrlue^? of J choaen onn be oompj>rea v'ith
the ourT€9 from experimental (\aU» '"'he ^'best fit"* then oan





©?3Xftj.'uOO zl'tti' ttoS- »Xt>iJX-: Xfij^ -- ;;
P4
fen^ly^la of tlM r««f<m8t««#» toiiM in Itg b;- Uoortn^,
'iCoe-9%*?T^ tt al,
.'
lon^ the line of the uhi^or^ .1w5?^i caen-
tion^d. H^ T^lnt« oat, t;)w>t tiwf w-rlt;/ ? of the exaltefl
aasietis 1? rel;^tea to th« pf<rltj;f p of ^.he fToiiml ©tate of
tJle tftrgeti itafleets bj ^,h« «:siirt4*»lon,
<!ciit proton ^"'Ith ;ipin T^luo '^. ?he ' lue of L ia glv«n by^
for tfir^«t midXel f>f «nln aero, "ilaoe ^he qa^litatlv©
i^9« of ft yc»onsflo« ^nosrly dei>eii^9 stronirly on r^ttimi'*
lay TftXae® of J aaa L, th« ^ngaiar aiwiseiitiiisi fenS i>f rity
noialior of energy ICTelft oan b« tUterniinea.
40
^Unoc A is J mtoleo^ yf «<-ro ajtuin, !«: «^it;l«?fle>i tho
reqairesiients of tih€ above theory*
'^€ hJ^ve f?ceri !;hftt the follov^lag lrifor»i^*ilon osn be
©bt--' i.ae'.i froia rn analyjila of snow? lieo In «! »tlo r?orinter»
lag of protona on nuclei of 9t>ia aero?
(«) Enericj leYclff of ejcoited stfi^es of the aofiaTx>»n/l
fb) ,t^iful?ir i^sieniiua of txoltje^ stDtes* of nhc «©•*
pooitd ntxoIei}9»
<i) H€l?^tlve nrrit^ nmabcr^ of %he exettc;^ 9tS'.te^,
fa) XitfTel «l^th» of the remnnnoe^i, <t%ml
(•) iKTvel \vldth9 without CotiloDb barrier*
&{UNW9«lfl>e
XY» Anm^^mt :im(m^x(M^ oALimiMnm^ a/xoio oai.chh.a^ioir
33
3ti'^t« tlaiverslt^' la fsJioffii in "*^lg« §• It a^nnslat?? of fivt
%h» «a'i if the proton ^,ub€ In nhe jsagnetila ftir^ly^li^ js€<j«
tioii of the Tan 4t tJrMiff geiterator; (E5 the Warn «i«j113»
m'toT whlah restriata tbt 1^0ton hmm t'> ri t^^ieffiwjtcr of O*!**
HQil aireata It lat;;) the r^nozion ohaiab«r; (:''' tihe rcaotloi^
ohamiMir ^hlah Btt^en alao &a a Faam^^aj Qa^« la wbl«h the
proton reaction o^mnp® i»aa thtt Ion ourreat la oolleote^i
aft«r T»«i»slf^ through a nlo^l foil "^ Indow; (4) tht» r€—
^•tlon aoxnaator -aon^ljitin^ of thr«« aolllaear p^rt®.
O.Oe'* In «tlai3«t«r, i^lllijaecl «Jt «j l^iJioretor^ t.ngi« of 160**
frosa the proton be^m^ ftn«5 whlah <?«nr€0 to d«?flne the t^rsret
ero^i //©a to ?^;llgn th« sioa«t«r«^ T5f-rtialft9 «nt©rin^ the ••!€•
teotlon oh«u.')h«r: ^^nd (S) th« ooanter lt?j«lf, which li? a
typla^il gr affllle^ pro wort ion-. 1 .-lounter tiolleotinif loni?4)i-
tlon isilMo froEs th« aolll»f?-tir«? hejm of re^iotlon or u^jitt-
erod p^'JTtl4le» «nt«rlng vl? the renatlon goXll&'^.tor» '.'^«
l«»t of the three ^j^all 0«()6*' port 3 In the rf?r.ation jolll-
aiator la awoh^ nlo'-lly intcfrs*! with the r»ro^^ytioniil



















fhla eii3 veil of the oounter s^lwo jferTcs im on cleotro-
3tatl9 shield between the P^rrr^ay (i.'ge * atl ^^tcngitive vol-
ume*
Oertt-in laodlflofitlons have been mnr?e In >hc orl/^inal
dleaign* These laalode: (l) glees in;-?alf-tliig rings sub-
tfcltatcd for Ittolte; (2) e coept for the entr^^ T^ort^ oom-
oletfcly enalotrin,^ the aeasltive voluiae with brass to avoia
gparioaa oounta due to l ai pfcolty ^hiah forsserly exiaterl be-
tween the flo.it;iag end of the aentral wire Mid the Faraaey
©age; (3) <';<iaition of the reaotion aollissator J^ad iao6ifiQe-
tlon of :.he proton be^-m collliaj^tor; (4) ahi aging til inter-
iiLi V lv€3 '(,0 the bellows type nccclle mire*
The reaotlon ool liai^tor ;^crve^7 t"> lindt the extent of
the proton beaa from whioh the aoattcreti protons -'re being
counted* ?he geometry of the apparatus is each that the e:s-
treae thiolcneaa of the ^aaeotiB target under aiirvelll^jaoe is
&bottt 1.3 oentiiaeter. >lnoe the arsjon is ander a reriuoecl pre&-
sure of 75 mm* Ug^ the cqulTulent thleluieas at ^tanfl&rd nrea-t
isore Is sboat 1 ma*
?he oountin^ ohaiaber ia operated in '.he proportional
region* It ia fittct^ with a gas naaifold providing ctonneo-
tlofl3 to g' s taa!i3, v ouum pamp, ^nd meroury ©inometer. Vul-
tinle oonneotion* Rllov^ fixture:? to be used and ncrMit flex-
ibility of pressure control.
^ nioicel foil w-indow, 0.05 tall thioJc ' : the end of the
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-Xov
,,,jf, ,, .^ ^^, ^^
-9W^Ml ftX»ifto cUMi9
Xaiil?*iT« M(;r fii ftft^ n### •Tan MoX/a»Al»«i Al«r«»o
-rfiw R^fliT ^itfaliififil svrXs (xV fhi:
•-SM ,#T(XT \:Ttf«» 94;^ TOl 19«|)X9 (S) J©.
-•¥ 6»^eXx9 xXTSffto) i
X«ft«"Sirt[ »Jftf 5«i tii- ^ .. . „, ,,,^
_,^ ,^,
.OVX Y 3ifie,^f, ..:•;: «^oXX»d tdS «- ••vXnT mil





be'>iR aolliaator prorl'let a vj^auuia 3©= 1 between «he refea'^ion
a)4i-RibeT '-na the ?s^n -le (Ir&ftff Tf^aHuis jyttesa, ?hl5? foil la
•iti;?lgac^ to '-. Itlx8tii*a<! a presstxre of otm sttaoanhere ^^gfinet
the outer :siH; hii% n ^otual opef'tion no asore shan £50
ptrslts alanltaaeoua ew^oa-'vlon of all p^r^n of %he ftt>i>?^rii-
ttta* «after t&e * auma is obtilnea, %\m rtlre in the oroae
aoaaeotlon oiin be alo^ietl thus Isol^r^lag the isnnifold «n«!
90«iitli^ atowimber frott. the Van ae (Jraaf f ; oiiuin i»y^te{8U
7h# aentrnl wire of the ivroT?ort lonsil ooanttr is? a fi
all alo](«l trire aupportc i ii^. r,h© free «a4 In « gls sa m pll»
I? r^ bulb efiolo»«<^ in s nolyjtt^reae tmnntingm :*he oth«if tad
l>p.f:?«s through s ^Jtut^slcoff j?«u1 an^ ^^henje to an BfUBhenol
totor ''hlah stt.-'.ahe? ^Ilrcatly to the nreampllficr.
Slept roulo Ar.fV:T6tus
:rhe pretiaplifler !» sin /-tioaXa Instnimeiit Oc» i'*r<3aiipli»
lier *i05-B, originally buill; to be uaed *;!ilth lau ionisnitlon
ohaisbex with u tine aoastaat of £«7 mlllis?eaond!i* 'he tiae
oonst at hr 3 been obttiage^ to 7«5 jjslaroaeaondu to {a^^^ke it ap*
propriate for use with a proportional ooujiter at feet aoont-
iog rates* 'I?hl3 i&^trumoxLt ht-& t^o istugeB of &^m)>lifioatlon
»iii two «fiitho(!e follower 9 Inaorpomtlng InTerBc feeilbftelt to
aohleTe a high order of gaXn atabillty. Pulse &apllfioa«
tlon l8 fixed ?st opproxlastrly 20* t- speaiel high voltage
ooftxlal oeble was built to mHow vrjitajfes up to ISOO volt»
t© be isepreased an the antral wire of the pro5>ortlonol
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•&!:»«tirxii MW^
-.TftfJor- ?«/»> .fp V.,:
•IfMI^Xov
Model a04«B f^plifler ballt bj "tioj^l^ Tit?ytrttsa#nt Co.
£04-»B linft-ar teplif ier» '^h* ^in from tihiii lii0t;ru.ta«ii.t 1»
a-r>t tao «as«4itiai -^^hca umA with th« 20&-B ^f-o-fSTJllfier:
A pulse ai6i>litiisa.e ^iaarlralnaftor pHt^^crutt all iin!Jla®,j» reoalve^
•:.feoV€ that; volt?.>^e ijet* om t;he ^.Isoriraii^stoir 31ml* ,Lla®®rit|r
of v^lal getting is be*; tier than 2'^ from •) to 100 volta* '.^Jir^e
**iffer€at rlae tilaes ^--re provided: 0, 0.8, find 0»i; r^laro-*
«KK>i^9 witli Seoa;^ tla»ii of ftbMitr25 , 4 , ^iftao.4 taioro*
«?eeon33» Cttttmt frota the ^i^m'it^irmtor i'^ ^. ooKjyiiant 10 YolU,
0»4 ai3ro9««ort4 pnlsw ^'M»h la fe^. to « Il5<1el 1050 /'twial^
Ijistrritaeat Go. '"o^'-ler. An oQsjtlloeai^inic its o^^^crated froia %1m
hig^ level oQt?5ttt of the r;ffiT>llfi«r.
Kl^h voltftge power for the a^rntr- 1 ^Ire of t;he 5>ro?^r-
tiema «»aanter la obtained fr >ia fi Ho'iel 1090. sooo Yolt Heg*»
tdLftt«d Hewer ^uppXy built by Itoolear Iiie*tr(S!aefit ^-ii^ OheM<ial
Oerporatlom r'hl© wwer eotir<ie m^n mir^r>l;^ either ?Josltive
or negative Yolt-.ge froa eero to smxlsitm Ytiln© r^ith regula-
tion %'^ wltihin 0#0S^ of om%^MK voltage.
-••- eeiaaittlve InteiFpratoy is? oonneot«?a to ^,h« )^srs%>^a7 ^-^g^
to (lettTJ^toe the totnl protoa Ion ohorsfe <jolleot€!.l* ':?hle in-
0tri&aeat «&» de«jlg^^ on-l t^ttllij by '?• F. ^., Ik^yoc atitrta^





Qhr.rge on '- apeal^il r5oij3';jT«?ja« <3on-:l€nL»«y h^Jviag fi aapn-
3lt,y of 0»9S£ aiorof^^ra.i, ^fhlah i^ sih^rge^ to n negative
potential of '-iboat 10 VfJlwss, the e.xn<Jt value minx, be
meosnrca r. t the o2iar,^tii«^ biit'^ery, ?he In^e^ator h?3iS a oon*
trailing relaj vhlifh operates nhe -coaler so t;hRt- it regis-
ters OjQly ittrlmg the Integration period, the laatruracnt
may be set to operate for aereral different speoified
^yol€9 of oh&rge nn^ dlsoharffc of the Integrating!: fjon<^ei5»
set torn one oyole to 24 oyolca of oijeratlon, Upen'Sinf? on
the Intensity of '!ih€ pro*,.on bean* ^^ne oyale of the inte-
grsttor "^511 b<? e'julv^lent to ?.' ohwrsje ^Iren by the> follov?-
in^j €3fpre»&ton:
:., • ^ = 0»:>92Y ??here T s battery voltage
In mlorooouioz^bs
If tihe batter:,' 1^ €** otly 10 volts, the oharge ^ill be
^•Sii cdoroooaloabe? '^thioh is Cx^ulTalent to 6.13 x IC- *^ pro-
tons, "^he desl.^n ??-3 ^nah th.'U one ayole ^>oulf1 be aoprox-
iBiar^tly e.^ulTalcnt to oolleatlon of 10 mijrooouloKb!!? or
13
C.24 X 10 protona* * oountlni^ perlo^l of ':crt f?eoon<1}^
oal<^ therefore isc-^n a bean oarrent of 1 ai{3rodiapere. Sxe
error of the Integrator for Ion currents greater than 0.06
iaiorosBipere <?ae to leaJcafe ie leas th«n • !<• For ahiir,^lag
olt&gca of about 10 volts the error in jolleotc^i a.mri!^
dae to leakage ia therefore lesr^ than ^ 0.1 '• For rrin;? of
length greater than 10 .^coonciv? (i.e. istirrentsQ leire than X
iftisroaspere) the error <1ue to relay tiiae Is less? than 0.5f^.
• 32 -
mamiXfeim ^4 hliiWf BXf^ toe #ittU lto«» f^w mk^-
?hit Integrator aptjears to be dcoendabl© to ^^ithln - 1^
for ion ^ami oarrtxitd of 0.06 *io 1 mioro^.iarjere.
rhc eleouronio nA g a fillia^T 5;?ysttm3 're aho^^n In
Fig. 6» A positive TH>*icntlul of ^90 yoIUs is aiainuaine'^ on
the tnaulste^l aonnt^ a t,ia^ piea« ^u nrevent ;5taoiidf;r;/ elcot;r-
ona sc^'ttere^ from the flr»t. port of %he bef=m ooiliifiii tor
i're^ being oolleote^ in th* Prir? day aage r.a6 thus? ^Tivin*^ an
erroneous Integra; t ion of hehm corrent.
libra t ion*
'he proton enen?:/ resolution 1«? I'ieterisincd hy n 1 m&m
«lit 70 om* from the ocnter of the uagnet |>ole faoes. The
beam at thla point h-9 been defleotf i thr »agh ^n an^le of 30*^
frora the neutral be«*i*5a &xig of >he Van tie Sraaff. ?h€ reso-
lution i3 oQlottl&te^ fee follows:
Let L a length of magnet pole fsee,
r a r-"1in3 of i-ra J-lonr^ whioh the beaca is f^e-
fleotc'l bet'^cen m.^gaet nole fi'oe;!-
A X em^le throuj^h 'Jjhiah beani i>? ftefleate^':.




dA - 0.1 oia/ 70 om. r 1.13 x 10
'
:h€rfcfore, Ir/r z -?^.4B x 10*
ilegleoting the Yvrlation of the cwi^net ourrenfc, €r/r i© ap-



























•T at fta «mrs7 of I Uer* , ^t S ft Itiir.
?h« aagatt vfcai o?:libr«5t#?! fur thi^ allt Jitttli^ on th©
0#8t3 M«T. g»a8Ba rcwonan^t of T^^ u^in^ b 117 tjrrgtt;.
,^plifisif^%i&n ffs«tors for the jjii%^ aj^rjliflo^'nioa In the
-rt»»ort.l^.niU -jouritcr '^er* obtalfie*1 b-r it'-'lfti* nn InttritaX
i«oaT«« of alfjh.*'9 aon.f^ "Siting of n thin l?37?r of oolonlOB
t-^jlt tTeporste^ on a tantsiloja (1li«»» ?hla writ? iii®erte<i in
thiti fcjir^et aouating, "'he aoiinter **?>« flXle-^ ^ith vjirloas
9r«8iiarf3 r-nfl at ti^ah one *:.h« ijentr^a wir« voltage i^^a
V''rl«<S. ^alae slaea ^ers <!ct;er«;ln«fl by >bairrv&ulon on ait
osailloooapt* In *^ataal ^sTs^otlac, the ij'il'ie »lse ^rtaii 6^iln*
tr.lae'l aonstwjiw on thi? 3<STe«n of the ac?<itllo.'»ouD« l>:? v? rj?-
Ing the g&m on t;he llneaT fi»pllfl«r* "he refereisa* point
«: 13 taken BIS that gain ne^mvtmr^ to ^ro^lnoi? tli€ ml tie
neighs r^ilh tlie ooaiit«y Toltagtf »© lov» thafe J^»!f>li?to&t.loa
wifi
€33tatl"ilj unlt;^, !•€•, nhen the oanntcr w?)i! opersittng
la the loniza'^lon ohuraher region* R oioroor^lf of gain ii«t-
tlMgs for (-. glv#n ooaatant i>tc®mir« tih«n b««^:.iiMj^ the rclsitlir©
&npllflo' %lon f^otars! of the oottnt«r wub« ns^tmlfi^ the gain
««ttln<5 for the ioal nation region repreaonlied in ftaT>llfi-»
a&tlon of anity» '^uryes? oi aafjllflon^ion ffiotorij t^re wXot-»
t«a in Figure 7.
A "aifarlmlnsttor ourre tt'.uif ran on the irtternal po*^^
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pis :rimi lator CdfVs on Infci n^l [Tar^c r-|po 1










=^r«$5 iti ' ^OC rtimj. ntf j 30% A^K>%ic 1
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'>lfta<f %h6 ti-^rxw% fwt ««*2 tiering troui, ^--rgon i^ h ?r/.&^
eoo9 t4?rg«t, it 1^^.01 H63«iiiaBr/ %q report; to retrial js«fii?iare-
®ent« 0f tlic i^eoaetr;^^ of the re^'otitm -^olsjmt to deternliie
t&« target *-klaicfl«sfa froa t^hi«h the ener?f7 i?0re«fi in the
t?*rsr«t was <50©?«ttecU Ustll-rl;^. !;h« ?ll3'iBfj<j<©sf'"'c>s tsyiTct
volaa© "vo 53ta»ltiTt& Tolume of the ooijnter s^erc s*i?uiwre^*
?^»« diataaots «r« rcoor6«<S In Treble It s^loaeT '^it.H «»t!i€fT
#X9«rlaeatal iB«a0aTee»Rti»«
?!» »'3lia ua^le '-t; tlw resoMon j?ubt;«ii!^<;a 1>y the 0.06"'
entry port b% tja* 3»imter w&ll tfr^gs oots^-swtefl >o lie:
dA • —i— .iters'! io.n for the m»^m &i9%unQ€ of 7«55 m
fy«ft t&r.^et; *;j eatr;f !?ort« ~n,fta*: *he ©nnr/ pot% hf^i? a <lia-
BBeter of 0.06^ or O.lSi^ ^m« "he faoJ!sr«itst Ian Iss?
dA -jL2aiMi!JL etera.^.lan.
4 X (7.55)^ r.l44











?he mnr^rBi^^n of souf/.g-ritig niiglt from *-;he InbDra-
• 9-K ira^iaLjl {jin©
9 « ifoaiitcrliig angle, laboratory
M - ffliiij* of isrot;an
'? *
* aba lii tilting T'lttn^t for tati^a of <Tgon namlesss en3 Xafeor-
?h« rt<!a.o«a Bf.ss« of t»li<>- proto« for elaetia aollif^ii-'n
f^ltii an *»Tgon ftticdeui Is:
^»¥7W 'iSili r 0,^^83 .«
Fiiergy ooirrcrBlon fruKi the ltibora.t;or:r f^s'^tf^js to tiii! ocntcr-










In >">ya«r to a€r,eT:^l?i« wimt titt ftowrgy of tli« proton Is
&t th« fasitterlag imaleuaj* 1^; t«y ammtamir^ to »fii«al«t« the
l6ii« la ^ner^j of tlie b«aja visile p«^si0tji^ throtii^ the niiiktl
i!^indor. '^-aa th« filllug gaa b«tv««9i %h§ ^ioiSmt i^fiS re^mtion
YOlOi&t*
0.(K>C06* nial£«l full i®l«8o® for Jrloae #ii«r||l«a of F?otoiMi»
t^ energy of %M bortia »tmi^ Xhiw T; Xtt« I si tlw not enurgj
eTttlX^<:blo In tiie re&o^^loti ah?^.j»b4rr at; the i»ln«^0??, ?hl^ hm&
iNita plottoa £>« Curve I in Pl^re 10.
la QHmsKitliit th9 loa© In «n«r^;;? -lae to psveaai?® t;hr«>ii# •
%ht f lllliig gao, 190 ts^lce ttso of tlu? rnair® tnhie® for mm
ergon h4i»©a on exfierliacfitttl r.-n<5 thooroi;lo^'.l aonel^erat;l©iiif
by Hly»^ifoia«r ana llc).g««3^« ^tumo eata ?ir« ijlottei as &
rtingo OBr-re In Figaro 9* ?ht ^«»on«« of lO'l CO^ lu fiot
oottttiacroa to offeot the oori-eotiao^^ of tih« oal<ml«"it;loiie
o^lii.^ %%i th« unocrtalfiltio^ of t,h« br^o a«ita ^-na ^:^i in-
feooaraolts of iso3^0itroiMiii% jf the <lli^nuloai§ of tiho app-tira'-
toe*





Hn»tmi# »Bfl|t:r _ ^_
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to fe&ve ^•n:f t->p?>reolabl# tff«o^ on %he int@n'4izy of aoulofiib
«06t:t#rlag InTAdimAh as tht (jros^sj-aeawloji for ^;hi5i t|ff)e of
83ettcTlag is ^0|>ort lonal to the foart^h pe^tr of 2i, '^he
aTcregc i. for 'X^, la 7,3 while for i^ It 1« 1B# 'he ratio
of 3ro9if*9eotlon (!ai» to &ir^a to t^but iae to ^30^ (b.'^se^l oa
9Q^ A, lal COg) Is:
^Og 7.3^ X 0.1 1B7
In ouJier ^-orrte tiit siijciianiffi error In neglejttj^ ^,he 10'^ 00^
^-« m^y proo««4 to ^ o loulatlea of the ea#rgy lo^ee^
In th« Wiriotts wort Ions of the rcaoslori uM aoutitijag ahaia-
oer«3 ttsiag the e:xperlGi«iital iac&siir«»ffntf» ^Jiid t&« range
jurve for &r^ofi. :ht flllinf^ gaa i® at a presware of 76 bw
Hg so all range ucaaureiaeftt!? aiaat be rediiae^ h^ the faotor,
75/760.
fabXe I ri is f' aofciptttation of re9i«1iial rnigee rxn^ oor-
reafnoaaia^ energies in f^r^^ron n% the extremities! of the re-
cot ion Tolune for T^rioas initiJul hena energies. ?he dif-
fetenoe between theae energies is the .tnreaa in cneritjr of
clestleraiy goatt«re<5 protons <!ae to t^hio^e^a of the
gfiifeoas target. I", in one fr^otor in tihe experlfiiental t^b-
olutloa.
?hbl« lY is a ooaiptttstlon of rej?l'iu,al -finges ^^na (jor-
responding ener^iee of elaeti3^11^ Jioattere^^ protons? npon
reaahlag the sensitlvt volone of the aoanter. 'Ae ©pr««a
- 43 •
•lit vS to T««oir il^ffnol: »if»i o^ Xjatfiel^fTf - -^
jjOO ^X iiiCU ifiu4^#X^. '< - ' jil5£iiix.ii:>.
•j-l\i 4t
•91 MiJ
\o ^Y9ftii 111 hasten tt£l«i «A «»A^'i;i»»« »i. ;'».!
Nli9«in
la tlMff« «jwrgt«« it & wmmmaxis of %lu ^iffer&nm in rmtm
no%^*^ fehat a large sprearl In th«»e «fiirrgi«9 will ^aire na
rrvnarcnt Ifiaresse In oeantlng rnte t^w energj lii inoreas?®<!
bove th« thrtehold emeri^y for tioiint^liije?, Hiintrery to the
tii«orei;l<i'l r«3i.'!>roanl rclRtlon of Cottlomb tioattcrlng lio
cntr^^v" :iqii.^^re-i ('Pijjare .'5« ) Himt la, the counting rate will
la^jreasjc antll tli« totlre ifiwea^ of elastlo&ll^ i?G«it/t,ere'i
protons are tnterlug the prorjor^rlon^l ooiiriter. -hif^ oqqut^
^}ma the aoatterecl m'Otion liiis ^^n energy (liihoratorj sysfti©^)
of shoat 636 )cey« fhlti Tal»e if? arrived ** h:r Uikiap; the
fiift&noe from target to csumter (fee fig. ^) whloh la the
r"-nge of the ailnls»;i& eaerary ^^hioh m^.n Joets reftoii the oivimter
or 618 kev. ?-:^iia ad^Ung the 3%rk\'^gXiog •>f 20 'cev,
:-u->aple QoB;>atattoa for ?t^ble ITI *
Be2*£a eaer>^7 1 i4ev. TU'tnge sim&B om*
jjoea In Hi vrlndow •0«145 Mer.
d at Intertva f^oe of !Ji 0,B55 "f rue 2.03 i3J:3,
"•i^t&noe t« re^ otlon voluae:
Mrxlasaa Ii«53 ^ " 0.a30
Re«l<!tril r nngcf of el* etlo lly protona:
IflnlJiUia, £.03 • 0.230 x UBO <»u ' 0.79E '
Efiiergy thlakneea of tsirfpet, O.OEB Mev.
Avtdrfc^r* tiiergy of els-ettoj/lij 4?«6tteren protoaa, 0.S06 ''
44

'^'^^npIc guiapats-^tlon for ?r^blg rv «
'":«fsat-loii ranges &aa energless: H IS
llliilmiiiB 9*4 aia. 0,^JS9 0fa,
Heslducl ranges ^nd energies in aoaattr: R 1
Mlaiiaoa (1.80 - l.OEO 0.77 sta. 0.4£7 "
Bprct'fl In rangt, O.EO aia.
i^|jre»fl in cner^» 0.0B6 lief*
Av«rf g« energy of aounUcl T^rotioaa, 0.470 "
SjBreari la • dtual <H«t;ano« travelled in aonntc'r, «i.l3 dM.
?hl9 le the worst; possible aond it ion nd not x,h0 most T>ro*
b:^blt. ?o fcrrire »t, ?;he Koali probable Bprea^ in ent'rfrlee
ftn^ tberefore pal^e tiiaes and eneri^j rcsolctisn, ute imy
treat the jaatijcr.;^; aotaplc tcly hs '• g'rofrgling r»roblem.
Uj aooount ivis 90 f&r been talMii •f 9%rik*tgling in the
nlosel foil or in the fillin^^ g'ff, ot of bean r<j«?f>ltttlon
<tBe to slit ^idt^h.
3trBggliag in the niaJcel foil nd '^rt^on g> ^ji Waq been
tr««t«4 ©9 far aa prescjit theory perrait# b;; ahllton"^*^ mh&
h^» OMBiHited the 9%r^f^linf; for the portlmilf^r o*- ^e frora a
foreoala credited to M^elsen an^l fenicfite.warlu*^^*'.





jQ. 2 3%e^r^rr4 deviation in fnc-r,f]S? losip (ergs)
t 2 thii$kntem of stop r>lag 8»dltt^ (g/mar]




, • 0.0091 1J€V.
?or tlw g.'''-« f-oia wlnaoiM to ref*:t;lor. -^oliiEste the ^iverug©
^isft«ina« l9 l»Sg Oicw At fitiaD»?9h«Tio prittsmive osm mrtitl-
a€t«r of tihc ^''''^ l$» e.'iulvfilcni; r,o 1,7B x 10***^ g/oui^* "*^oy
to b9i
760
iabatltatiag thiis iato ^h« forisiila w« g«t, for the gn^ i
^ , 0.115 X lO"-^^ erir^^
A •
*"'« imy ? 3<?usie from tilw i^otsttr^ of th^ r«aai>loa t©1-
eew !ih.fit sor« thtm 50^- of uhe rca-atlon v\X%is nlfioe la ii
gtoiMtrlaal 50"'t j^.oue iat;ra<l1lXag the tssiif-polnt of i;h€ ti«iy»
get. ?lsertfor€, 1£ t*ii^ «?xwy«i»« «fi«r^:/ !»'G»ref4a in the t«iy-
g«?j l9 £a %». (for r.ftlntti«a b«s?ssi «n€T?i:r of 1 Hc^. ) we
• 46 -
-fcfe
t«A «MNMM tlifit »»re thf^n &0y of the el: stlarill^ .^fd^ttere^!)
pTo%Qti9 will j^j^ve Bii «acr.j7 «pr«a<1 of Iciis thtm 14 ktv.
If -v« aon^id«r thia ajj a form of f?triii7>?l iiv? w« mf^.;^ oos^binc
thl?3 fif^are with tile stra^i^litif? <lti«j '>o i;h-€ Ifl wtn«1ow «nd
tfest dttt to g?.9 betY9e«a wln^ot* - ad iji^r^et, anfl ^^Ith the
btaa reaolatloa of 6 Jeer. defliie<^ by the 1 obu 8llt.
SI Z
'5'





?hi« Iji i v5on5?er"7i tlve lue for vhe rno^t; r»yobf ble exuerl-
(&€A^al reaolu'-lon ''-tt' lAe<* In th€ el^^tlc fa*it^,eriiig re-
?-ot.lon. If %h<s mean fuerf^y ?>n tjhe tiftrr^et Ig 0,8i>6 i.-lev.,
the «xDcrlfsejat!-l rd'olutlDii I3 ther**fore iJ.fi/^.
wurYe II iX "''Igure 10 in r>he sfran ©nrrpry of t;hc re-
lation Ts. •he beam energy.
Carve til of Figure 10 i^ ^h« i^m-Mci-enerTj of elasiti-
O'-lly ^oavj'^cret! pTo%on& reuohln^ %h€ sensitive voltme of
th€ oaimter. 7he ^enaitive volniae rel^ tive to ttirfret iu
lnfllo?-ted on the mn^ curve of "Igure 9* ?hle showt? that
on el atioally aostterei aroton '^^ith ' n ener*:?:/ of 0.515
Mev. vfill Jaat rcaoh the eeneltlve volaiae at t preaiure of
75 WAm Hg isna that a soatierj «^ proton of l.OU) Mcv. eneriry






tlM ftrftig laiils- %loa i»yf» iAt0»« that the ri>-^or rjortioa
ijaltl^^l r«a<itloft eaergjr of 0«^ ^>o 1»0 Uer* trill he m&9t






Boat of the «xpcrliseiii.,;.l 'iiff t^jalt^ie^ ensotinttr*^
f-ere: (1) u<?€ of 5'^' nlisitel ^Hrs'1-oi#? require- bean eft«ri5l#«
j^-jnaWerably ia €xo«;r55 of tnerglc?? dcalyecl in. the rceotlon,
(2') re-;3ulr«ment;3 of a saot^ersjte aountiai^p rate n©a«o??.tT,atiJ«1
appToxlaia^ely to 0«1 tio O.ii Kil«>rooonlosabtt < ") «^* 3^ mjsi.
slit for sodcst boa^ reaolotiloai cioiablnefl with the ne-^
sWiotli^ b#am vperture re;}U.lred n^tmt fl.ne^»« In fjligning
8ppar^t(i«, and (4) ipia pr«89ur« in th« re«?at,ion anf? acunt;-
Ing 3h rabera Iv d to %9 r«claoe«^ to So atii. (Hg) fn*<ira»sirc
lr\ >r4er w rai9« %hc &iniiaitm energy of iio«it';erea ^fw-otojte
re-i-ahlG^ tlit 9«n9ltlv« voluiae* ''iMi extend, of th© «ett«U-
tlve voiats* fj|i 60 sar3# (Hg) h? a b«*n ad-!©-'^ to the rijjis*""
efi«r*:rj^ c»arTe in Flgare 9 In ?''^<?iUion t^ tiio <iclin©«-
vion of tihi.» rCfUon for 7S nt^ (Hg) nresrurc* 'Ith "hte»
r^reseiirt tl»e jalnU&ajs «n«y,-7:' noatt«y«-1 pro';ontii» Yi?fai(ih
r«*«h til* awineltlve voltixac, i^ 375 Jt«v, , •^n^ t,h« «ney|^
of i»roton?» * hioh jitat rewoh %h€ f?r ea*^ of i>hc ifensi-
• We volume is 780 !c«v» ?hlip laeriis tihst i^rotonri ii»Moh
?re ?04itt«rc<1 with an en«rg7 of g^-erter tair^n 780 icev.
^ili pro^laoe -alightly lc9;» ioniz?*%!o« thsa 'ihOHNe je^t be-
lo^ the 7!=J0 k«v* l«Yel« "^hi^ '^'f^f foan4 ti be *n'oe in
-'^otaal •:»peT-'tlon; -na oonw^iatntly, .'ijf!illfior ^f^ln h? a ^o
•4<»-
-ycf
!M ••% «|» to febottt; 14 in, order t,}v:% ptilsiea notiXd be Inrge
?*?o riuia wtyt aftd« covntlng the ?fais!;ti«y«4 srotoan
fn>ia ay^joa g* « at 50 an* (Hg) ^rtifftaere, V.rtn ^ m^^ «j«A«
©vcr the ri-^ns^it of Inaldcat ^©ton taergle» froia ti^O IceT*
111 !?lgor« !!• ?hl» ourve showa r acflnlU ? n?>mf Xy ft
90® ^tlj&T. M i-rbltsrey^ Coalocib saatvifrliig a«yve i?? turner-
l£ir.0st<l showing a .lefinite r5v3»lxig trend -wa:; fron rmre.
Ofi^l&$^ tf06tn«rlag. 7M^ oun be ?"*ttTlbat<?'5 largely to g
Kitoleisr 3oatt€Tiag of '-he har^ .»r>Ucrf: tyn©.
The Obttloiab oro9«-e«dtlon per unit 5?olif'^ t nglc is:
In s AE J
» X.63 X XO g,
Tht aT09d«^3tlon per anlt »olld lingl© '^u^ t.o a h?^r^
dpiitxe type of aaat'.«rliii; is:
lnt6r»«tiag ai<?t»no«:-^ b«tw«eit rmoiel
SO •
f) •Kf'-i Oft ,.?» »
»«1 ^Apitf !Ullo« aim «tt n«if«»«^*:
^J I %--
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%^ ^ mm -ft t^ %ist0 #ffii#tt^
(T « (T^ ** S
% i^ tine *^iUy iu*rsw«^«T a»^ tama ?»ltjh aia^ •^«^P'««^ ^^ «^ii«iir«»
t-^X «s*nili;iofi-f, tJi« v%latin «tf <r sin^ a (©i TT«re ssasst^wi***
«tll«r«il a« W .i«^ «f liiM frosa j»4f^ ^^'^^%w ily«>iirti*r,tin^es,




glea faXla Yery olofie to tha exr^trimentfil ourve obt' ine^
•xoept for tht ano«v ly.
Fro» a d-^'llbration run on e LlF uarsiret; the protow #n-
•rgy «st the aro8s-ovcr of the anoaoly Is 908 $:«• Kxner-
latttt&X resolution of only about 20 key* ijrcTenlis an i ooarate
Xoor.tlon of the aaxlstua aiid mlnlsmia ^int@ of the t^no-^
This re«alt agreesj tv«ll ^ith r,h€ resofianoe lerel of
900 kev. found in trgon by Srogtr^a* Hua3, aa<l ?Cboh in
1948« It aeffionatratc» blgo fehfit anottra.i€B in elastio
ae&tteriitg of protons uaay be detected by this meth&d of
ttsifiu? & proT)OT"tion^Ti oounter even for atoiaa t?ith E-ntimber
up to X8*
A scaond ran w- a iaE<1c ^hiih verifief! not only the
•tl0teno€ of the an^>a&ly ^ t 90a k;ev. but b soLlior anomtily
resp'^'rs • nd i^ aug^oste?^ ns beii^ auperimTfjoeeel on th«
prinoip€!l ofl« &t ' n energy of f biut 945 }««• ^here ist^e
apparently r ahift in nai^et as libri'tlon betiveen the first
ran ?nd the senond; bat the energy ;jn2cai in the anomaly
sad the energy ilifferenoe between the tT?o anomHiies i»
the ease* '^he fir at o?libretion on the j*iF target iw s-ggamed
oorreet* The acoond rfin is ahown in Fif^re 1£» A very
slight TJ^rlation In aounting r^^te is note<^ but this? may
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A ?!ls}arifia.liifct«2r starve on «fKJt^,«r«a protoa^ &% en^v^
©f S50 ittY. *^« ^he part of the rss*<>?^r^io£Uil aoanter 18
«?^,<:mii in ^Igurt 13»
(1) A. r©3?onan«.@ IcT^l in E^^ hr.f? b«e.n loi^fit^a b^
ffie.'^a?j of proton bosili«rc5ia«at; of ^ f^ii^ (!>fef?eri^tioii of iin
•r.nQSfeajr laitlw «ia«feia aantterliig ^1??<>«» thi^ l«ir«l aS «.
pro '^on ener^u of 90^ l5«-w» f * 10 Jtev, 1
iu) *?Jmi fei^j^ifelllt^ of asflng '• nro?»oTttonal ooiirit^T
to ^bm;rv« saosaalies in %hK' tl'^tla rfS'^iiit '.r-r inr o-?' n /^.f?
TIO t^M 113:i ic®v» iidi r^r, a laborsv-or^ ?foat;itring angle ©f
150^ follows alo^el^ 'ihtit p'*«<^l«t«^ f?o® ;'; commitat Ion of
* 55 -
-^ 'iS»x^
'.:[ '! r: 1 1"
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i? 9t^^«a Ifi Oeotlofi I, oam ©f 1»h« difficulties of
filing %he present ^^pmTii%u& for ^oXld t;'srt^l;ji t*? %h^.% vii^ttal
©bg?erv^:.t;ion c»f the bcfoas !« ^^bariiriui'ica fitia alljpt£i6Qt %& «x-
^.TCB^l/ tUfflaa.lt* «??p«aiail7 tilnac she Vfr;^ «?re of tilt
nroten bcart -uKj-^t p£--a;f th">ii^h r., mllimirior of onl:^ O^V*
Siovfcalfi aau i.lfi*j for a jsoll-i ti?r^eu an a *afUl aimft in-
:?€rt€.i *vkroagh «lj€ f%11 of she reactilon ohfijaber or Ffsrsi^a^
a'ig«» pieoetf it) ^ad (3) of Figure S» /^ Tf-'-arium atal glan.4
«o«l^, of a^arsc, be ncaeass*r^ tii ti^Tia loj?*? >f prce^are or
T-<iim& In i;he aha^ber. •it;h CM* Jfiodlfioiitlon, b soll^l tf-^r**
Ifeti <»o«l(l be lauuatesi, the ttfini-^rstag «lo(te*i and eviioti'^teflt
s«d riUh the t'*»r^et svmng oa^ of the line of ai^ht, the
b«4ia iioaX<) be visaBllj nottl&oreu vriil ^he fip'>r.rat<iw *»ll^fnef'.»
?hea, the target ooul^l be swwiig bt ak; into the T^roiser roai-*
•J ion for b i&bi^rdiEMFAn*
Gaae^uf target a?#
" ith *;h«' use .^f «. thin mia^ «.-/l.a'iow over ^he i^iitry TJort
of r,h€- «»iintlng ahraaber. Iv v-'»uia be pos^ilble to haTe one
g£i3
-tUxture In the i»rj>«©TClonal ^ottntet ana mother in the





^nM & T&.«aajs aoasitation wauld &•-€ ti© he iftaorix)rioted
fill lug 0a>nn«otlon3r t:n4 vsa^mm 0ona@0tl&n«
'^Itli ?iJ4l« s»<!ifi<i<itloii It rotil'i bft feasible tr) ©!>•
«eyY« #«f-jt-t€riai5 ^ad p^trtlale r^^^c^aano© r««©tloas in clif-




Dlsarlaslfititior CuTve on ?o^^^ In^-erma :ouroe.
Jhreamire 200 nia. %•
OejQtr;a "Ure yolr,;,g«, +B00 vol^s.
Hist ".tttie, 0»£ aloroaeoonda.
Uaiag MoAci £05-3 Pre? mpllfler.
Amplifier (}•:• ia, 2.






























Otntef of ?sr,?et V©It«a« tot
S«ar ma of n€ii0lt;ive folas« 9*9 aia«
Far fii4 of Seasltlwe Voltiiit ZGm9 (»a»
l«€iigth of Beaaltive Tolame: X7«o on,
LfJigth of Be^^O'^lon doll iBT tor: 4#6 oku
:j^ia®«ter of Golli»f*toT ^ortg: 0.06" (0«xa£ oia.
)
'fhloscacsd of NlokeX Foil finflow: 0.orX)OS*'ro, 000127 sa. 1
M^aet*? of Bc^'-a Ap^rturt: 0,X'* (£.54 ca^» )






''<;.I t ^ai ^vXM; -R;^:!J-
%.^^^^^-^ 900 1<X50 11(X> iiioo
^foll ^^«^-^ 745 ^5 963 IfWO
£ttEmg« %t foil ( >3m« ^l«6i^ S.03 £.43 S2.af»
An iumtm.) .08 •oa •OB •<)8
% (csa.) 1.57 1.96 J2.55 E.7«
A Hg(s.:^ mu
)
.15 .Ifi .15 .16
Hg imm) i.go l.?IB i:.2a 2.n
M^ (Jctrr.l TIB 830 940 imo
E, (Ite^.l 696 81S 9BE iGm
Ai^ ()£«) SS 10 18 17
AHj^ Cl^as ^a»
)
•IB .!£ mlt .IE
\ (3SW) l.£3 1.^1 a.5i S.74
I^ (^:ev,l ?06 mo t51 104S
Al^ jj ®r« aiiilEjim •' It"! fmxlmim thlakn^tm of gfi« In

























900 1(X)0 1100 1200
?ots imo 931 1042
6^9 800 909 lOlQ
1.47 i.ars 2.S^ S.64
• 52 .6£ .6E •6S
mQ5 1.21 1.60 ^.OJi
.6a .6H .69 •6d
.79 I.IS 1.54 1.95
^i66 601 T,iQ 869
440 363 707 830
2B 24 23 23
.ofi .63 .66 .65
.3E 1.18 1.67 1.99
45E 693 7£0 mz
^l.£
'../ tnt,r;r port, of oounttr re^.noe^ t,o 760 sbq (%) pressure
f-a in Table III.
T5:la«s of E c-re plotted ^s Ctirv© ttl if.- riirure 10.
»•! •
£25CLJ: 'g !• o-g-
?ABL»
':&eor€tl3al Ho.of ;='a«ttere<i frotoa® Into ^.olia irtiele of
1/3144 til &,& .m^le of ISO®




































-^ (Tmrnm) 3.8g d*M 2. 95 E.66 £.43
(Tp (b&ras) £.46 a. 34 I^.E6 H.14 Ji.05
(f^ fbartt«) ^99 .7I> •60 .4« .40
(T (b'irnss) 3.46 3.09 3.S6 E.e£ E.4S
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